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SPECIFICATION 
NOVEL RBCOMBIMANT ANTIBODY. AMINO ACID 
SEQUENCES OP ITS COMPLEMENTARITY DETERMINING 
REGXOINS AND GENES ENCODING THE SAME 

5 

Tills xuvcn-klon relates to novel amino acid sequences 
participating In the binding of neutralizing anribody 
against a human TNFoc to tlie antigen, genes encoding the 
lO same, gene recombinant antibodies contalndLng these 

sequences. In particular, humanized antibodies, a method 
for producing these antibodies and pharmaceutical 
compositions containing these antibodies. 

IS PRTQR ART 

Tumor necrosis factor ot (TNFa) i.s an inflammatory 
cytokilne eathlbltlng plelotroplc biological activity on 
cells (Proo. Natl- Acad. Scl. USA 72. 3666, 1975). TNFa. 
which Is produced by many types of cells such as 

20 macrophages, mast cells and lymphoid cexxs, binds ro a 

specific receptor occurring In the cell surface layer and 
thereby exhibits its effects (Annu. Rev. Biochem. 57, 505, 
1988). Although TNPot exerts advantageous effects of, for 
example « killing tumor cells or virus -infected cells, some 

29. of Its effects ore obviously harmful to living organisms. 
For example. It Is luiown that TNFcx Is the major factor 
causing septic shook (Science 234, 470, 1986). Moreover, 
systemic or topical overproduction of TNPot is Implicated in 
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diseases such as rheumatoid arthritis, multiple sclerosis 
and malaria (Proo. Natl- Acad. Sol. USA 89, 9784, 1992; J. 
Infect. Dls. X61, 1148, 1990; J* Exp. Med. 170, 607, 1989). 
It is expectea that Inhlhltion of the ov©3rp2roduot±on or the 
5 biological activity of TNFa will be useful in ameliorating 
t:hQ pathological conditions associated with these diseases. 

It is known that an antibody generally has high 
affinity and high specificity for a given antigen. 
Neutralizing antibodies, which inhibit biological activity 

10 of antigens, are expected to be especially useful as drugs* 
T?here have been produced rabbit antiserum -derived 
polyclonal antibodies, and monoclonal antibodies of mouse, 
r-at , etc . , which are employed for various purposes . 
However, these nonhuman- derived antibodies show high 

15 immunogenlcity in human bodies. Accordingly » there arises 
a problem that human antibodies against these nonhuman- 
derived antibodies, which are produced as the result of 
administration of these an-tibodies to human bodies, not 
only interfere with the desired effects but also produce 

20 serious side effects due to immune reactions in patients. 
Thus, administration of these antibodies to patients is 
severely restricted. 

An antibody molecule consists of two types of 
polypeptides. The polypeptide having the larger molecular 

25 weight is called the H chain, while the other polypeptide 
having the smaller molecular weight is called the I. chain. 
Each of these polypeptides consists of a variable region 
forming an antigen-binding site and a constant region 
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having almost the same structure within the same class of 
antibody- Furthermore, the variable region consists of 
complementarity determining regions (CDRs) closely relating 
to tue formarion of the antigen -binding site and regions 
5 called frameworJcs which are located among these CDRs. The 
H chain and the L chain have each 3 CDRs (i.e., 6 CDRs in 
tctal) which are respectively named CDB-1, CDR-'2 and CDR-3 
from the N-tennxnal enfl. ir is 3axown "Cnat rhe affinity and 
specificity of an antibody for an antigen are determined 
10 mainly by tli© amino acid sequences of these CDRs. 

Recently, construction of htiinan/mouse chimeric 
antibodies or hximanized antibodies has been reported as a 
novel metliod for using antibodies as drugs (Nature 328^ 323^ 
1988) . A human/mouse chimeric antibody is a chimeric 
IS antibody having a mouse monoclonal an.tlboay- derived 

variable region containing an antigen -binding site and an 
appropriate human antibody- derived constant region. Having 
the complete variable iregion of the original mouse antibody^ 
it is expected that such a cbimeric antibody will bind to 
20 its antigen wltli tlie same affinity and specificity as the 
original mouse antibody. Since tbis chimeric antibody has 
mouse-derived amino acid sequences exclusively in the 
vairiable region, it is also expected to have a lower 
immunogenioity compared to the original mouse antilaoay. On 
25 the other hand« a humanized antibody is prepared by 

transplanting CDRs of a mouse eoitibody into the variable 
region of a human antibody (Immunol. Today, 14, 243, 1993; 
Int. Rev. Immunol. 10, 241, 1993). In such a humanised 
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antibody, the amino acid sequences of nonhuman origin are 
arestaricted to the CDRs . It is therefore considered that a 
humanized antibody prepared by transplanting mouse CDRs 
will have an even lower immunogenlcity compared to ohlmex-io 

5 antibodies* 

A number of neutralizing antibodies against TNFa have 
been reported hitherto- Examples of these antibodies 
include a TNFa antibody which is efficacious in mouse 
rheumatoid arthjcltie models (Proc. Natl- Acad. Soi. USA 89, 

10 9784, 1992). a TNPa antibody which ameliorates the 

pathological oondition in mouse septic model (Nature 330, 
662, 1987) and a TNFcx antibody which is actually 
effioacious in human patients with rheumatoid arthritis 
(Iianoet 344, 1105, 1994). Howevar, these antibodies are 

15 either mouse-derived monoclonal antibodies or human/mouse 
chdLmeric antibodies* The amino acid sequences of these 
antibodies and the genes encoding them, and in particular 
the amino acid seqpaences of the CDRs participating in the 
recognition of TNPot (i.e., the antigen) and the TOIxes 

20 encoding them, have not been known. 

fiJTMMARY THB INVENTION 

On© object of the present invention is to provide 
htunanized antibodies against human TNPa and a method for 
producing them. Another object of the present Invention is 
25 to provide pharmaceutical compositions which comprise these 
antibodies together with phannaoeutically acceptable 
carriers . 

The piresent Inventors developed a mouse monoclonal 
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antibody MAB-3B10 specifically recognizing active human 
TNPct and disclosed it in JPCKokai) SHO- 63- 253099 . As the 
results of subsequent studies, they have determined the 
amino acid sequences of ttxe H chain variable region end L 
5 chain vaariablo region of MAB-3B10- Based on the determined 
amino acid sequences, recombinant antibodies against human 
TNPa and a metbod for producing the same are provided. The 
recombinant antibodies according ro rlxe present invention 
• arc preferably humanized antibodies . 
10 SI^TEF DF^SCRTPTT nM OP THE DRAWINGS 

Fig- 1 is a diagram sbowing tbe amino acid seauences 
of th© H cbain and I* cheuLn variable regions of anti-human 
TNPot mouse neutralising antibody 3B10- Amino acids are 
indicated by tbe one-letter notation method and numbered in 

15 accordance with the metbod of Rabat et al- (US Dept. Health 
and Human Services, US Govemmehti Printing Offices « 1991). 
The underlined parts indicate tbe CDRs determined in 
accordance with tbe metbod of Kabat et al. (US Dept, Health 
and Human Services, US Government Printing Offices, 1991), 

20 while tbe bordered parts indicate tbe CDRs determined in 

accordance with tbe method of Chotbia et al- (J* Mol. Biol. 
196, 901, 1987). In tbe present invention, amino acids 
belonging to either of tbese CDRs are regarded as ''CDR''- 
For reference, tbe amino acid sequences of tbe H chain and 

25 r. chain variable regions of HBS-l antibody corresponding to 
tbe sequences of 3B10 are also provided. 

Fig, 2 provides model views of expreission vectors for 
a buman/mouse chimeric antibody against buman TNFa, The 
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vector A Is an expression vector for the H cha±n of the 
human /mouse chimeric antibody against human TNFa, while the 
vector B is an expression vector for the L chain of the 
human/mouse chimeric antihody against human TNPa. In "this 
5 figmre, VH stands for the variable region of the H chain; 
SH stands for the signal region of the H chain; CHI. CH2 
and CH3 stand respectively for 3 constant regions of the.H 
chain J VL stands for the variable region of the L chain: SL 
stands for the signal region of the I» chain? and. CL stands 

10 for the constant region of the L chain. 

Fig - 3 provides diagrams showing procedures for 
constructing humanized anti-human TNPa antibodies. In this 
figure, the positions! marlced with figures and asterislcs 
represent the positions wherein amino acids in the hSBlO-l 

15 . frameworlcs have been substituted by amino acid residues of 
mouse 3B10 , Li to 1.6 srand respectively for PCR primers 
employed in constructing the L chain of h3B10*l^ while HI 
to H6 stand respectively for PCR primers employed in 
constructing the H chain of h3B10-l. This method is 

20 performed in accoraance witn an already reported method 
(Cancer I^es. 53, 851. 1993). 

Pig. 4 provides graphs showing the affinities of 
hum€uiized anti-human TNPa antibodies for humaucx TNPa. 
Specif Ically^ these graphs show tne affinities of the 

25 culture supernatant s of COS-1 cells, into which genes 

encoding respective humanized an ti -human TNFo. antibodies 
have been transferred, 48 hours after the gene transfer. 
First. IgG having human IgG Pc is quantified by the PCA 



method. Then, the affinity of each humanized anti-human 
TNFa antibody for human TNFa is examined at various IgG 
concentrations by the ELISA method* The data are expressed 
in terms of absorbance ar 45.0 nm. 

Fig. 5 provides graphs showing the affinities of 
humanized anti-human TNFa antibodies for human TNFa. 
Specifio&lly r these graphs show the affinities of the 
culture supernatant s of COS-1 ceils, into WHlch genes 
encoding respective humanized anti-human TNPa antibodies 
have been transferred, 48 hours after the gene transfer. 
First, IgG having buman IgG Pc is <iuan1:±fied by the FCA 
method. Then, tbe affinity of each btamanized anti-human 
TNFa antibody for human TNPa is examined at various IgG 
concentrations (A) or at 1-0 ng/ml (B) by the ELISA method. 
Tbe data are expressed in terms of absorbance at 450 nm- 
In (B) the data are expressed xn cerms of mean x standard 
deviation » 

The recombinant antibodies against human TNFa 
according to tbe present invention nave at Xeast one 
(preferably all) of CDR-1, CDR-2 and CDR-3 Of the H chain 
variable region and tbe I. chain variable region comprising 
the following amino acid sequences. 
CDR-Hl of H chains 

Gly-Tyr-Tbr-Phe-Thr-Asn-Tyr-Gly-Met-Asn: (SEQ ID 

NO:l) ; 
CDR-H2 of H cbains 

Trp-Ile-Asn-Thr-Tyr-Thr-Gly-Glu-Pro-Thr-Tyr-Ala- 
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Asp-Asp-PhB-Lys-Gly (SEQ ID NO=2); 
CDR-H3 of H chain: 

Tyr-Asp-Tyr-Asp-Gly-Phe-Asp-Tyr (SEQ. ID NO: 3) • 
CDR-Ll of I. onaLXns 
5 Th3r-AXa-Ser-Ser-S©3r-Val-Ser-Phe-Se2:-Tyr-Leu-Hls 

(SEQ ID NOs4) ; 

CDR-Ii2 of L olia±ns 

Tyr-Ser-Thx'-Ser-Asii-LekU-Ala-Sdr (S£Q ID NOr5); and 

CDR-IiS of I* oliains 
10 H±s-Glii-Ty3r-Leu-Ai:g-S^ir-Pi:o-Tyr-Tli3r (SEQ ID NO: 6). 

Accord±ng to one embodiment^ tb-e present: Invention 
provides an smtibody In wbxcli tbe H chain variable region 
oontaxne the aznxno aold sequence conelstlng of the amino 

15 aclde from the 1- to 113-poslt±ons In the amino acid 

sequence of Pig. 1(A) 3B10 (SEQ ID NOt7) or an amino acid 
sequence having substantially the same function as the 
above -described amino acid seqpience, and the I. chain 
variable region contains the amino acid sequence consisting 

20 of the amino acids from the 1- to 107-poslrions In the 

amino acid sequence of Fig, 1(B) 3B10 (SEQ ID NO;8) or an 
amino acid sequence having substantially the same function 
as the above- described amino acid sequence, and which 
recognizes human TNPcx. (These sequences have I3een 

25 Identified in the present invention as the sequences of the 
H chain and L chain variable regions of MAB-3B10) . 



The term antibody'' as used herein includes in Its 
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scope not only antibodies In the form usually occurring ±n 
v±va but also molecules having at least one antlgen--bindlng 
site comprising the H chain or L chain variable region or a 
'combination thereof. For example, proteins consisting of 

5 an H chain fragment and I* chain pair such as Fab obtained 
by cleaving an antibody in tbe form usually occurring In 
viyo with, papain, proteins consisting of two H chain 
fragment and I. chain pairs such as FCab')^ samliariy 
obtained by cleaving pepsin, and single- stranded antibodies 

10 consisting of an H chain fragment and an I* cbaln bonded in 
series on a single peptide sucb as ScFv are all included in 
tbc scope. These '•antibodies" otber tban tbose in the form 
usually occurring izi vivo are sometimes obtained by 
cleaving antibodies in the form occurring in vivo with 

15 proteases. Alternatively, these antibodies may be 
constxnicted by using gene recombination tecbnicxues . 

The present invention further includes in Its scope 
fragments of the above- described antibody molecules 
according to the present invention which contain at least 

20 one of CDR-Hl^ CDR^H2 , CDR-H3 , CDR-Ll, CDR-L2 and CDR-Ij3- 
Por example, a peptide containing the H chain variable 
region of the amino acid sequence consisting of the amino 
acids from the 1- to 113-positlons in Fig. 1(A) 3B10 or 
another amino acid sequence having substantially the same 

25 function is included in the scope of the present invention- 
Also, a peptide containing the L chain variable region of 
the amino acid sequence consisting of the amino acids from 
the 1- to 107 -positions In Fig. X(B) 3B10 or another amino 
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acid sequence having substantially the same function is p 
Included In tlx© scope of the present invention- Vaxlous 
ai-tificlal oonetaructe whlcli mimic antibodies can b© 
produced by using one of these peptides or a combination 
5 thereof . 

The expression "substantially the same function" as 
used herein meons that the amino add sequence of the 
complementarity determining region on an anrlbody molecule 
or Its affinity for an antigen is substantially tlie same. 
10 m some cases, the affinity may be greater- Specifically, 
It is known that on antibody having substantially the same 
function can be obtained by substituting one to several 
amino acids in the framework of the variable region or in 
the constant region. It Is also known that a humanized 
IS antibody sometimes has an inoreased affinity for its 

antigen. Accordingly, some antibody 'derivatives"' having 
-substantially the same funotion" can be constructed by. 
for example, retaining the amino acid sequences in the CDRs 
while substituting several amino acids in the framework Of 
20 tlie variable region or in the constant region with other 

amino adds. It is widely known to substitute amino acids 
with other amino acids having similar characteristics for 
this purpose. For example, basic amino adds, acidic amino 
acids oi: ax-omatlc amxno acids may loe subetituted 
2S respecrively by basic « acidic or aromatic amino acids . 

It is further anticipated tbat some antibody 
"aerivarlves" having "substantially tbe same function* can 
be constriacted by deleting or adding one to several amino 

10 - 
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acids in the frameworlc o£ the variable region or in the 
constant region- These derivatives having substantially 
the same function also fall within the scope of the present 
invention- 
s' The antibodies according to the present invention or 
fragments thereof can be produced by using gene 
xecombination technicnaes. 

Although the antibody according to the present 
invention may have any antibody other than the anti-human 

10 TNFoi monoclonal antibody MAB-3B10 as the fundamental 
structux-e outside of the complementarity determining 
regions, it preferably has a human antibody as the 
fundamental structure. A case of producing an antibody 
according to the present invention using a human antibody 

15 as the fundamental structure will now be illustrated by way 
of example. Firsts an appropriate human monoclonal 
antihody is prepared. Next, a chimeric antibody is 
constructed hy substituting the H chain and I. chain 
variable regions of this antibody respectively with the H 

20 chain and L chain variable regions of the above-describea 
anti-human TNFa monoclonal antibody (MAB~3B10) . The human 
monoclonal antibody usable herein is not particularXy 
restricted. For escample, the human anti-HBs antibody known 
as HBS-l (Gastroenterol Jpn. 19, 344, 1984s J- Immunol. 

25 Methods 222, 83, 1999) may be used. A method for producioig 
chimeric antibodies is described in detail in Proc. Natl. 
Acad. SCi. USA,. 81, 6951. 1984. 

The chimeric anribody is then converted into a 
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humanized antibody- In the H chain and L chain varlahle 
regions of the chimeric antibody, the framework regions 
outside the complementarity determining regions are 
respectively converted into tlie frameworlcs of a hiunan 
5 antibody. That is to say^ the method of Sato et al- 

(Cancer Res. 53, 851, 1993) is employed using DNAs encoding 
the I. eUain and H chain variable regions of HBS-1 as 
tempXetes, as will be described in Example 3. Thus, DNAs 
encoding the I. chain and H chain variable regions of MAB- 

10 3B10, the framework regions of which have been humanized, 
are amplified by using appropriate primers produced on the 
basis of the sequences of CDR-Ll to CDR-L3 and CDR-Hl to 
CDR-H3 of MAB-3B10 (for example^ primers Ll to L6 of SEQ ID 
NfOS:9 to 14. and primers HI to H5 of SEQ ID NOS:15 to 19). 

15 By usina the thus amplified DNAs respectively encoding the 
li cliaxn and H cha±n var±able reg±ons« the variable regions 
of DNAs encoding the L chain and H chain of the above - 
described chimeric antibody are substituted again using the 
techn±que for constructing a chimeric antibody, 

20 Tne oljtaxnea DNAs encoding the L ohain and H chain of 

tine titimanized antibody are integrated into expression 
vectoiTfi and transformed into the same or separate host 
cells- Tbe L chain' and the H chain are thus separately or 
slmultaneousxy expressed. The humanized antibody can 

25 theret>y be secreted (Froc. Natl. Acad. Sci. USA, 84, 241. 
1987j Cancer Res. p 47, 999, 1987). 

The recombinant antibody can be produced by, for 
example^ transferring a gene encoding the recombinant 
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ant±t)ody Into COS-1 cells (SV40-tr axis formed cells derived 
from African green monkey kidney) or CHO cells (Chinese 
liams-ter ovary- derived cells). Various vectors may be used 
to transfer the gene* For example, there may toe used rhe 
5 eucaryotic cell expression vector pdKCR-dhf r . (Biochem, 

Biophys. Res. Commun. 164, 39. 1989), modified as described 
in the following Examples* For expression of the DNA 
encoding the Ii chain or the H chain in the host cells, tne 
vector may contain a promoter, a terminator and other 
lO factors • For secretion of the L chain and/or the H cliain 
from the host, the DNA encoding the I. chain and/or the H 
chain may be located downstream from a gene encoding a 
signal peptide compatible with the host cells. 

For ea<:ample, COS-1 cells are cultured in a roeditim 
15 such as 10% fetal calf serum (FCB) -containing Dulbecco's 

modified Eagle's medium (DMEM) in the presence of 5* ca^ at 
37**C* The method for gene transfer into the COS-1 cells and 
the method for culturing the cells after the gene transfer 
are described in, fox- example. Molecular Cloning. A 
20 Laboratory Manual (Second Edition* Cold Spring Harbor 
Iiaboratoxry Press, 1989)* 

To produce an antibody usable in medicines, it is 
desirable to culture the cells in serum-free medium to 
thereby avoid contamination with serum- derived bovine 
25 antibodies, etc. The anti-TWPa antibody thus secreted into 
rhe culture supernatant can be easily purified by a method 
generally employed in the art for purifying antibodies, for 
example, by using a resin binding protein A (Antibodies, A 

- 13 - 
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Laboratory Manual. Cold Spring Harbor Laboratory Press, 
1988) . As tbe bost cells for Industrial production, it is 
possible to use CHO cells, mouse myeloma cells Sp2/0, etc. 
Witb CHO cells, for example, a cloxxe exhibiting a Uxgb 
5 productivity can be selected ueing a chemical sucli as MTX 
(Xxmnunol. Lett. 64, 139, 1998) • Such a strain eachibiting 
stable high productivity, if available, is useful in 
producing the recombinant anti-buman TNFot anribody on an 
industrial scale. 

10 The affinity of the antibody according to the present 

invention for human TNPct can be enhanced in some cases by 
substituting some of the amino acids in the framework 
regions of the variable regions with other amino acids. As 
will be shown in Example 4, such substitution can be 

15 performed by PGR using primers with appropriate variations 
thereinto . 

"The antibody molecules thus produced may be directly 
employed for use as antibodies in medicines- Alternatively, 
fragments containing the antigen -binding site, which are 

20 obtained by treatment with various proteases, may be 

employed. As described above, the antibodies may be used 
either in the form usually occurring ±12 v±jra or as 
fragments containing at least an antigen -binding site 
comprising the H chain or L chain variable regions of the 

25 antibody or a combination thereof* These antibodies may be 
produced by a gene recombination method. It is also 
possible to produce the antibodies by a gene recombination 
method followed by limited digestion with proteases. The 
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pro<iuot±oii metliod ±s not particularly restricted. ^ 

Tlie present invention further provides pharmaceutical 
compositions containing th.e abovo-described antibodies 
according to the present invention together witn 
5 pharmaceutically acceptable carriers • 

The pharmaceutical compositions according to the 

ft ^ 

present invention may contain the antibodies according to 
•Che present invention together with substances which are 
used to maintain the activity of the antibodies £or 

10 aaministration to human bodies^ such as caxriers and 
stabilizers conrposed of pharmaceutically acceptable 
ingredients. Examples of such carriers and stabilizers 
include human serum albumin and gelatin. The term 
"pharmaceutically acceptable" means causing no undesirable 

15 side effects such as nausea, vertigo or vomiturition and 
inducing no immune response "to preparations even witu 
freauent administration. The pharmaceutical compositions 
may be in the form of solutions prepared by dissolving the 
active ingredient in pharmaceutically acceptable 

20 appropriate solvents or diluents together with stabilizers. 
To control the concentration In vivo, the pharmaceutical 
compositions may further contain sustained'- release 
ingredients such as microspheres or liposomes . 

To prevent or treat diseases related to TNPct or 

25 overproduction thereof* the pheucmdceutlcal compositions 

according to rhe present invention can be administered to 
patienrs suffering from, for example, septic shock, 
rheumatoid arrnriris. multiple sclerosis or malaria. An 
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appropriate administration routd may b© selected depending 
on the purpose from among systemic administration routes 
(intravenous administration^ orai administration, 
intraperitoneal administration, subcutaneous administration, 
5 nasal administration/ percutaneous administration, etc.) 
and topical administration routes (as ointments, lotions, 
etc.). Tlie administration dose may be appropriately 
aeterminea by ttie physician depending on the symptoms, age 
of tn© patient, etc. 

The present invention will now be described in 
greater aetall by way of the following Examples. However, 
it is to be understood that the Invention is not to be 
construed as restricted thereto. 
15 Tgir^mpift 1? r^ir iTiTT^q of cPWAfi of H cbfiln and L chain vfirlflbin 

■regions p-F ^Tit-i - T ^ninaTi TMPot mou ff fft nftn-h-nal izinq antibO<1V 3^10 

The total RNA of 3B10 cells (J, Immunol- Methods 96, 
57, 1987) secreting a mouse monoclonal antibody against 
niOTian TNFoc was separated using an RNAzol B reagent 
20 Cmanufactured by BIOTEX Laboratoxxes) • Using this total 
RNA« cDNAs were synthesized with the use of a random 
hexamer and a reverse transcriptase (Super Script 
I>r-eampil.flcatlon System, manufactured by 6XBCO BRL) . Pxoro 
among the cDNAs thus obtained, oDNAs encoding the H chain 
25 and L chain variable regions vrere amplified by the 

polymerase chain reaction (PGR) method. The cDNA of the L 
chain variable region was amplified using amplification 
primers synthesized according to the sei^ences reported by 

- 16 - 



01-12-18; 1 6:28 



# 28/ 58 



Hus© et al- (Science 246, 1275. 1989), while the cDNA of 
the H chain variable region was amplified with the combined 
use of a 5 '^primer ( 5 ' -AGGTGAAGCa?NGTGGAG/ATCTGG-3 ' ) 
designed based on the H chain amino acid sequence reported 
5 by Kabat et al. (US Dept. Health and Human Services, US 

Government Printing Offices, 1991) and a 3 ' -primer of Huse 
et al. A thermostabie DNA polymerase (AmpliTaq DNA 
polymerase, manufactured by Perkin -Elmer) and a thermal 
cycler (TRlO-Ttiermo-blocK:, manufactured by Biometra) were 
lo used for the FCR. The nucleotide sequences of tbe cDNAs 

tlius obtained were analyzed in accordance with the method 
of Sanger et al. (Proc. Natl. Acad. Sci. USA 74, 5463, 
1977). Fig. 1 shows tbe nucleotide sequences of tlie H 
chain and L chain variable regions of the 3B10 antibody 
15 thus obtained. The CDRs were then identified in accordance 
with the method of Kabat ©t al. (US Dept. Health and Human 
Services, US Government Printing Offices, 1991) or the 
method of Cliotliia ot al- (J. Mol. Biol. 196, 901. 1987). 
In the present invention, an amino acid sequence contained 
20 in any of the CDRs is referred to as a "CDR" . 

K Y flm iil g . 2 s Cons trvigt i on of . oxpreaslon vf^qtor of human/mo\ise 
rtti.ijninT:1>.Q antibody agaixigt anti-human TNF« 

Multicloning sites (Bco RI, Mlu I, Spe 1 and Sal I) 
were transferred into an expression vector for eucaryotie 
25 cells pdKCR-dhfr (Biocliem. Blophys. Res. Commun. 164, 39, 
1989) to give a vector whicli will hereinafter be referred 
to as pKDEWtSS vector*- Next, the dihydrof olate reductase 
(DHFR) region of pKDEMSS was sut>st:jLl:u^ea wltli the neomycin 
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res±stance (neor) region of pMAMneoCAT (manufactured by 
CLONTBCH) to give a vector wliich will hereinafter be 
referred to as pKNEMSS vector. A cblmeric H chain 
expression vecizor was consliructea by integrating the yl 
5 chain signal sequence of the human anti-HBs antibody HBS-1 
(Gastroenterol. Jpn. 19, 344. 1984* J. Immimol. Methods 222. 
83, 1999) r the H chain variable region of 3B10 obtained in 
Example 1 and the yl chain constant region of HBS-1 inro 
the pKNEI>fSS vector in that order from the N terminal end. 

10 The vector thus obtained will hereinafter be referred to as 
pKNH-c3BlO. Similarly, a chimeric L chain expression 
vector was constructed by integrating the k chain signal 
sequence of HBS-1 , the L cha±n variable region of 3B10 
obtained. ±n Example 1 and the k chain constant region of 

15 HBS-1 into pKDEMSS vector in that order from the N terminal 
end. The vector thus obtained will nereinafter be referred 
to as pKDI.-*c3B10. Pig- 2 shows the structures of pKNH- 
O3B10 and pKDI»-c3B10. 

E:K:ample 3i ConstjnictiQn of humanized an ti -human TNFa 
20 antibo<ay 

In accordance with tlie method of Sato et al. (Cancer 
Res. 53, 851^ 1993} « an antibody gene was constructed by 
substitution of six CDRs of the mouse antibody 3B10 into 
the corresponding positions o£ human IgG. As Fig. 3 shows, 
25 a oDNA fragment of the L chain variable region was 

constructed by performing PCK 5 times using the cDNA of the 
£» chain of the HBS-1 antibody as a template. In the first 
PGR. amplification was carried out using the primers 1.1 and 
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L2 . The second PGR was carried out ±xi combination with the 
primer 1*3, using the amplified fragment as the primer. 
Three PGR were ccurried out using up to the primer L6, to 
ol>ta±n the target Ii chain variable region cDNA fragment as 
5 the final proauct. Also, an H chain variable region cDNA 
fragment was constructea by repeating PGR with the use of 
the H chain cDNA of HBS-1 as a template* In this case, 
however, the 3' primer employed in the second PGR was 
prepared by performing FCR usln? 2 t3npes of primers 
10 overlapping each other. The variable regions of the anti- 
human TNPa human/mouse chimeric antibody expression vectors 
pKDL-c3B10 and pKNH^c3B10 obtained in Example 2 were then 
substituted witn these i* chain and H chain, variable region 
CDNA fragments as the final amplification products^ thereby 
15 giving humanized antibody expression vectors. An anti- 
human TNFa numanl^ea antibody can be secreted by culturing 
appropriate host cells transformed simultaneously by these 
vectors under the conditions as allow expression of the 
antibody (see Example 4). The humanized antibody thus 
20 obtained was named h3B10-l, 

Table 1 shows the primers used in this Example • In 
these primers, the amino acids at the 4-, 36-, 48- and 71- 
positions of the i- chain frameworJc region and the amino 
acids at the 71- ana 93-posltions of the H chain have been 
25 substituted respectively by the corresponding amino acid 
residues of mouse 3B10. 
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Ligh-fc chain 







5 ' 


-A6G • 


TGT 


GAC 


GTC 


CAG 


TTG 


ACC 


CAG 


TCT 


CCA 


(SEQ XD NOs9) 


5 


1.2 


5' 


-CTG 


ATA 


CCA 


GTG 


TAA 


ATA 


ACT 


GAA 


GCT 


AAC 


GCT CGA 








ACT 


CGC 


CGT 


ACA 


AGT 


GAT 










(SEQ XD WOslO) 




L3 


5' 


-GAC 


CCC 


ACT 


TGC 


CAA 


ATT 


GGA 


TGT 


AGA 


ATA 


GAT CAG GAG CTT 




























(SEQ ID NO til) 




1.4 


S' 


-TGT 


GAG 


AGT 


GTA 


TTC 


TGT 


CCC 


AGA 


TCC 


ACT 


(SEQ XD NOslZ) 


10 


1.5 


5* 


-GCC 


GAA 


AGT 


GTA 


CGG GGA 


ACG 


AAG 


ATA 


CTG 


GTG ACA GTA 




























(SEQ XD NOS13) 




1.6 


5* 


-CTC 


ATC 


AGA 


TGG 


CGG 


GAA 


6A 








(SEQ XD NO=14) 
















Heavy 










15 


HI 


5' 


-CAG 


AAT 


TCA 


CCA 


TGG 


AGT 


TTG 


G6C 


TGA 


GCT(SEQ XD NO«15) 




H2 


5' 


-GAC 


CCA 


GTT 


CAT 


ACC 


ATA 


GTT 


AGT 


GAA 


GGT 


GTA TCC AGA 




























(SEQ ID NOsl6} 




H3 


5' 


-GAG 


TGG 


GTG 


GCA 


TGG 


ATA 


AAC 


ACT 


TAT 


ACA 


GGT GAG CCA ACC 








TAG 


GCA 


















(SEQ ID NOsl7) 


20 


H4 


5' 


-GTC 


TAA 


GGA 


AAT 


GGT 


GAA 


TCG 


GCC 


CTT 


GAA 


GTC GTC TGC GTA 








GGT 


TGG 


















(SEQ XD NO 5 18) 




H5 


5' 


-TCC 


CTG 


GCC 


CCA 


GTA 


GTC 


AAA 


TCC 


GTC 


ATA 


ATC ATA TCT TGC 



ACA GTA <SBQ XD NO$19) 

25 Example Gon «-t--!irue'fc'iQn of hiimartlgftA aTi1:± -Viuman TNFq. 

Ejugti-t tiuineailzed 3B10 antilDocly der±vat±ves were 
pzroduced by fixrtlier mutatxng li3B10-l. Mutatxone 
introaucea into -the H chain and L chain frameworlc regions. 
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10 



15 



Specifically, h3BlO-l was employed as a template and PGR' 
was carried out using primers carrying Introduced mutations. 
A thermostable DNA polymerase (AmpllTaq DNA polymerase^ 
manufactured by PerJcin-Elmer ) and a rhermal cycler (TRIO- 
Tliermo -blocks mantif aotuxed by Blometra) were used in tbe 
PCR. Table 2 summarizes the differing points of the amino 
acid seguenoes of the produced 8 humanized antibodies 
(named h3B10-2 to 9), h3B10-lH and 113B10-1I,. The antibody 
having the same I< chain as h3B10-l and the actual H chain 
framework regions of HBS-1 was named h3BlO-lH. while the 
antibody having the same H chain as h3B10-l and the actual 
li chain framework regions of HBS-1 was named h3BlO-lL, 
w^y.'L^ gi;y»Qlr«fftH n-F >^x'tm^T^±^^ri aTif>i -TMFnr antlbodv 

framework recrlQixa 



Antibody 



Amino acid residues 
of H chain 

3 46 71 78 93 



Amino acid residues 
of L Cham 

3 4 36 46 47 71 



20 



25 



mSBlO 


K 




J. 


A 


A 


E 


Ii 


Y 


It 


H 


X 


c3BlO 


K 




I» 


A 


A 


£ 


li 


X 


Xi 


U 


X 


HBS-1 


Q 


£ 


R 


I. 


X 


Q 


M 


P 


R 


L 


F 


hSBlO-l 


Q 


E 


li 




A 


Q 


I. 




L 


L 


X 


h3blO-lH 


Q 


B 


R 


I. 


I 


Q 


Ii 


. Y 


L 


L 


X 


h3B10-lL 


Q 


E 


L 


Ii 


A 


Q 


M 


F 


R 


I. 


r 


113B10-2 


E 


E 


X. 


I. 


A 


Q 


I. 




Ii 


L 


X 


I13B10-3 


Q 


K 


It 


L 


A 


g 


I» 


X 


It 


I. 


X 


113B10-4 


Q 


E 


Ii 




A 


Q 


Ii 


X 


It 


I, 


X 


113B10-5 


K 




L 


A 


A 
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h3B10-6 


Q 


E 


1l 


L 




£ 




2t 




L 


X 


h3B10-7 


Q 


E 


L 


L 




Q 


I. 


X 


L 




X 


bSBlO'S 


Q 


B 


It 


I. 


A 


S 


J* 






K 


X 


h3B10-9 




K_ 


L. 






Q 


■L 






IZ 





5 — — 

In TabX© 2r eunino ac±d.s euro ±ndloat©d. by -hli© one- 
letter notation metlxod and numbered ±n aooordanco with tbe 
metnod of Kabat et al. (US Dept. Healtb and Human Services, 
US Government Printing Offices, 1991). Tbe underlined 
10 sections represent tlie mouse -derived sequences. 

m3BlO: original mouse anti-TNFot antibody 5 

C3B10: hioman/mouse cbimeric anti-TNFot antibody: 

HBS-1; Human antibody against HBs? 

I13B10-1H: antibody having tbe same I- chain as hSBlO-l 
15 and H obain frameworJcs identical with HBS-1; 

li3B10-lIis antibody having the same H chain as h3B10-l 
and L chain CrameworKs identical with HBS-1. 
£xaiDpl& ^ _ ; _ B;groreggion to;<m^n1r . ed antl-hviman THFOf ant 1 body 

anil Its a f^rlvatlves anrl analv5;i ft thereof 
20 3-0 X 10^ COS-1 cells (obtained from ATCC) were 

inoculated, into a 35 mm Petri dish and precultured for 
18 hours. Two jAsr portions of the pairs of respective H 
chain ezy^ression vectors and Ii chain eacpression vectors 
corresponding to the humanized anti-human TNPcx antibody and 
25 the human/mouse chimeric antibodies constructed in Examples 
2 to 4 (i.e., 9 types in total) were simultaneously 
transferred into the cos-1 cells using 10 (aI of a 
Lipof ectamine Reagent (manufactured by GIBCO BRIi) . The 
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affinities for human TNFa of tlie recombinant smtlbodies 
secreted from the gene-introduced cells were examined by 
tbe Ellis A method • Also, the human IgG in the culture 
supernatant was <iuantif led by the fluorescence 
5 concentration analyzer (FCA) method. The EL ISA method was 
carried out in the following manner. First, 60 wells at 
the center of a 96 -well plate were filled with 10 p^/ml 
human TNTF-a wmch was then ixmaobilized by incubating at 
room temperature for 18 hours- After washing with a 
10 washing buffer (phosphate buffered saline (PBS) containing 
0,1% Tween 20) three times ^ the wells were bloclced with PBS 
containing 1% of BSA for 2 hours. After washing wit;h PBS-O? 
three tunes, the human TNF-oi was reacted with each of the 
COS-i cell culture supernatant s for 2 hours. After washing 
15 in the same manner, the antibody binding with TNP-ot was 
reacted with peroxidase- labeled goat anti-human IgG Fo 
antiboay (meoiuf acrured by Jackson IminunoResearch 
Laboratories) or peroxidase -labeled goat anti-mouse IgG Pc 
antiboay (manufactured by Caltag Iiaboratories ) and detected 
20 in accoraance wxth the method proposed in the literature (J- 
Xmmunol. Methods 143, 89, 1991). Separately, the FCA 
method was carried out in accordance with an already 
reported metnod (Biochem. Biophys. Res. Commun. 193, fi86, 
1993) using FCA particles coated with goat anti-human IgG 
25 Fo antibody and FiTC-labeled goat anti -human IgG Pc 

antibody. Quantification was performed by using human IgG 
of a Icnown concentration as the standard- The affinity for 
human TNFot of each humanized antibody expressed in the COS- 
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X ceXls was rep3:esexit:eGL as ELISA reaction doses at var±ous 
igG concenrratlons . 

AS a result/ each liviinan±zed antibody exliiblted strong 
binding activity to Human TiOFa, as shown in Figs, 4 and 5, 
5 with" h3B10-9 ©3chihiting the strongest activity which was 
oomparabXe to the human/mouse chimeric antibody. The 
antibody h3B10-l also exhibited binding acrivity, though 
somewhat lower than the activxty of rhe human/mouse 
ohimerio antibody- Antibodies h3Blo-lH and haBlO-lIj 
10 prepared as controls show no affinity for hiiman TNFa. 
Effect of the Invention 

It has been demonstrated thar humanized antibodies 
retiaxning binding activity to hximan TNFa can be obtained by 
snbs.titution of the 6 CDR amxno acid sequences euxd genes 
15 encoding the same, which are provided for the first time by 
the present invention, into the corresponding positions of 
human IgG, For nse m medicines, the humanized anti-TNPct 
antibodies obtained hy the present invention show extremely 
lower immunogenicity and. improved safety compared with 
20 antibodies derived from animals such as mice. The present 
invention makesf it possible to prepare a large amount of 
hiimanised antibodies which recognize human TNFcx upon 
administration to patients suffering from various diseases 
■ associated with TNFa.. . * 
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